• AIM: To investigate how macrophage inducible C-type
INTRODUCTION
F ungal keratitis (FK) is a kind of aggressive eye disease which may lead to blindness without in-time treatment [1] [2] [3] . The majority of FK occurs in tropical or subtropical climates as well as countries with significant agriculture-dependent populations, where ocular trauma is the most common reason. According to the epidemiological studies, FK is mainly caused by plant injury in developing countries and chronic ocular surface disease in developed countries; the other reasons of FK consist mainly of ocular trauma, refractive contact lens wearing as well as long-term addiction to antibiotic or corticosteroid [4] [5] [6] [7] [8] [9] . Considering of its substantial morbidity and high rate of blindness, seeking for effective solutions is in very urgent. During the infection process of FK, stimulation of inflammation and clearance of fungi are of most importance. Aspergillus fumigatus (A. fumigatus) is one of the most common reasons that caused FK [10] . Pattern recognition receptors (PRRs) mediated the innate host responses by recognizing pathogenassociated molecular patterns (PAMPs). Well-known PRRs include Toll-like receptors, RIG-I-like receptors, NOD-like receptors, and C-type lectin receptors (CLRs) [11] . Among these PRRs, CLRs play a vital role in recognizing the complex structures, which are composed of carbohydrate residues, of various fungal pathogens [12] . Mincle (also known as Clec4e or Clecsf9) is a newly discovered CLR expressed mainly on innate immune cells such as macrophages, dendritic cells, B cells, and neutrophils [11, 13] . Recent studies have shown that
Mincle recognizes a variety of ligands from damage-associated molecular patterns (DAMPs), pathogen-associated molecular patterns (PAMPs) to tumor-associated molecular pattern (TAMPs) [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Mincle is an activating receptor coupled with the Fc receptor g (FcRg) chain, triggering complex signaling cascades through the CARD9/Bcl10/MALT1 axis towards NF-κB p65 initiation [23] . Based on the above, our study is to explore how Mincle participates in the early stage of A. fumigatus keratitis in mice.
MaTeRIals aND MeThODs
Corneal Infection Female C57BL/6 mice (Cavens Laboratory Animal Ltd., Changzhou, China), 8 weeks old were anesthetized with chloral hydrate (400 mg/kg) by intraperitoneal injection and operated using a stereoscopic microscope at 40× magnification. Every single eye was examined before operation to eliminate the interference of other ocular diseases. Cornea epithelia in the center of right eyes were removed a 3-4 mm diameter size of circle, 5 μL aliquot containing 1×10 8 CFU/mL of A. fumigatus were applied to the cornea surface (strain 3.0772, General Microbiological Culture Collection Center, Beijing, China).
After that, corneas were covered with a self-made contact lens to prevent fungi loss. Left eyes were taken as control groups. Mice were examined at 1 and 3d post infection (dpi) to monitor the disease. Clinical score was recorded for each eye after infection according to an established scale [24] to grade the disease severity statistically and slit lamp examination was implemented daily using digital camera. Mincle agonist TDB (2 μg/5 μL, Invivogen, San Diego, CA, USA) or control 0.5% DMSO (5 μL, Solarbio, Beijing, China) was subconjunctivally injected to the right eyes of C57BL/6 mice 1d before infection, followed with A. fumigatus infection for 1 to 3d. Total RNA isolation and RT-PCR Corneas were collected and total RNA was separated using RNAiso plus reagent (TaKaRa, Dalian, China) according to the product manual, and then quantified with a NanoDrop 2000C Spectrophotometers (Thermo Scientific, West Palm Beach, FL, USA). Total RNA (1 μg) was converted to cDNA using the reverse transcription kit (TaKaRa, Dalian, China) and then amplified using SYBR Premix Ex Taq (TaKaRa, Dalian, China) as described in the previous article [25] . Relative mRNA levels were determined by threshold cycle (CT) method compared with normalization to β-actin. Each experiment was repeated three times. Primer sequences are listed in the [25] . After immunostaining, sections were observed with fluorescence microscopy (Leica, Germany). Enzyme-linked Immunosorbent Assay All individual corneas taken for enzyme-linked immunosorbent assay (ELISA) analysis were homogenized in 500 μL PBS with 0.1% Tween 20 with a protease inhibitor cocktail (Cwbiotech, Beijing, China) and centrifuged at 5000 g for 10min. Normal and infected corneas were removed at 1 dpi from C57BL/6 mice (n=6/group/time) and 100 μL of each sample was assayed in duplicate for IL-1β, TNF-α, and IL-6 protein according to the manufacturer's instructions (Dakewe, Shenzhen, China). Griess Assay Corneas were pretreated with agonist TDB or neutralizing antibody along with their negative control DMSO or IgG. Each cornea was split with cell and tissue lysis buffer for nitric oxide (NO) assay (Beyotime, Shanghai, China), and supernatant of each sample was collected. NO levels were determined using the Griess reagent (Beyotime, Shanghai, China) by measuring levels of the stable end product nitrite. The expression of Mincle protein levels also showed the same trend when determined with immunostaining ( Figure 1D, 1E) .
Influence of Mincle on the Prognosis of Mice Fungal
Keratitis Photographs taken by slit-lamp microscope show that Mincle agonist TDB treatment ( Figure 2C ) reduced the severity of FK compared with the DMSO control group ( Figure 2B ) on 1d after A. fumigatus infection. There were more chance for mice in the TDB group to survive compared with DMSO control group. A significant difference was also observed in clinical scores of the TDB treated corneas versus the DMSO control group after infection ( Figure 2D ; P<0.01).
On the contrary, corneas pretreated with MincleAb suffered from severe FK characterized with larger ulcer proportion, dense opacity or even corneal perforation ( Figure 2G ). Also, there are significant difference in clinical scores between the MincleAb treated corneas and the IgG control group on 1dpi ( Figure 2H ; P<0.01).
In order to investigate the deeper mechanism between Mincle expression and the prognosis of mice FK, we conducted a series of experiments subsequently, focused on how Mincle affected the expression of different cytokines and chemokines.
Effect of Mincle on Cytokine Expression
In order to investigate how cytokines changed along with the upregulation and down-regulation of Mincle, mice corneas were divided into different groups randomly. Firstly, we explored the expression of cytokines when corneas were pretreated with Mincle agonist TDB. C57BL/6 mice were divided into 4 groups randomly: blank control group, AF group, DMSO+AF group and TDB+AF group. Among them, TDB and DMSO were injected subconjunctive 1d before the surgery. The mRNA and protein levels of IL-1β, TNF-α, IL-6 were detected by RT-PCR and ELISA. Our data showed that mRNA levels of IL-1β,TNF-α and IL-6 were significantly increased in the TDB+AF group compared with DMSO+AF group, as well as in AF group compared with blank control group, both P<0.01 ( Figure 3A-3C ). There was no statistically significant between AF group and DMSO+AF group. As for the protein levels of cytokines above, data from ELISA experiments indicated that IL-1β, TNF-α, IL-6 protein levels were significantly promoted in the TDB+AF group compared with DMSO+AF group (Figure 3D-3F ; P<0.01). It is consistent with the trend of gene change. After that we suppressed Mincle expression with neutralizing antibody to investigate the corresponding change of cytokines in mice cornea. Similarly, the mice were divided into 4 groups randomly: blank control group, AF group, MincleAb+AF group and IgG+AF group. The results were presented as below.
The mRNA levels of IL-1β, TNF-α and IL-6 got reduced on different degrees after infection pretreated with MincleAb compared with the group pretreated with IgG (Figure 4A-4C ; P<0.01). The changes of protein expressions were consistent with gene (Figure 4D-4F ; P<0.01).
Effect of Mincle on Expression of Chemokines and Neutrophil Infiltration
The mRNA levels of CXC chemokine ligand 1 (CXCL1) and macrophage inflammatory (MIP)-2 in mice FK were detected when Mincle expression was up-regulated with TDB or down-regulated with MincleAb. Grouping method is the same with the previous section. Both of the two chemokines were significantly increased in TDB+AF group compared with DMSO+AF control group (Figure 5A , 5B; P<0.01) and decreased in MincleAb+AF group compared with IgG+Ab group (Figure 5D , 5E; P<0.01). Followed with the expression of chemokines, we investigated the degree of neutrophil infiltration using immunostaining. As shown in the pictures, neutrophils can be hardly discovered in normal cornea tissues. After A. fumigatus infection, the number of neutrophils was obviously increased. What's more, in the TDB pretreated group we observed a great deal of neutrophils gathered around the lesion site ( Figure 6A) , and in the MincleAb group, aggregation of neutrophils was inhibited ( Figure 6B ).
Regulation of Mincle on the Release of NO in Mice Corneas
Next, to investigate how Mincle regulates the release of NO in mice corneas, the concentrations of NO were measured by Griess reaction before and after infection. Mice corneas were divided into 6 groups randomly: normal, AF infected Figure 5C; P<0.01) . Simultaneously, the degree of NO concentration was decreased when pretreated with MincleAb compared with IgG control group ( Figure 5F ; P<0.01). Summing up the above, we can perceive that there was a significantly positive correlation between Mincle expression and NO concentration. DIsCUssION FK is a serious eye disease all over the world. It has higher rate of blindness compared with other ocular disease [1] . The incidence is increasing in Asia and Africa where countries rely mainly on agriculture and eye trauma (especially plant injury) is common [5] [6] [7] [8] . Fungal infection of cornea often leads to corneal ulcer, perforation or even loss of vision and eyeball. It is a serious problem affecting the agrarian poor and hence researches on strategies to improve the prognosis are of great importance [26] .
Mincle in mice fungal keratitis
Mincle is a novel type II transmembrane protein consists of 219aa with a highly conserved C-type lectin domain. As a newly found CLR, Mincle has been proved to recognize various kinds of ligands such as mycobacteria, fungus, damaged cells and tumor. It was found to be expressed mainly on antigen presenting cells such as macrophages, neutrophils, dendritic cells, B cells and so on [27] . Recent studies also found Mincle expressed in non-immune cells. The expression of Mincle increased in neurons and endothelial cells after ischemic stroke in both mice and humans [20, 28] . Miyake et al [22] reported that Mincle expression is very low in the steadystate condition but is strongly up-regulated when stimulated by different inflammatory signals. In our study, animal model of FK was built with A. fumigatus. Mincle mRNA and protein levels can be determined in normal corneas in a relative low degree. And these data were significantly increased 1d after infection, illustrating that Mincle is an important receptor to recognize A. fumigatus. Taking together with the result of clinical score, we can infer that Mincle plays a role in the process of FK in mice.
Previous studies showed that Mincle recognized C. albicans and increased the production of TNF-α by macrophages. In addition, mice lacking of Mincle had a significantly increased susceptibility to systemic candidiasis [16] . According to the study of Kodar et al [29] , GM-CSF derived bone marrow macrophages produced significant levels of the proinflammatory cytokines (IL-1β, IL-6, TNF-α) in a Mincle-dependent pathway. In our study, mRNA and protein levels of IL-1β, TNF-α and IL-6 of the cornea 1dpi post infection were detected by RT-PCR and ELISA respectively. From the data we can see that when up-regulated Mincle with TDB, cytokines above increased significantly. Meanwhile, when block Mincle with neutralizing antibody, the expression of these cytokines were suppressed. Based on the above, A. fumigatus can influence various kinds of cytokines through a Mincle-dependent pathway, thus regulate the immuno-inflammatory response in FK. Recognition of foreign agent or invading organism by the PRRs is one of the major stimuli for activation of the immune response. When human body is infected by pathogens such as bacteria or fungi, this stimulation results in early arrival of neutrophils to the infected sites [30] . Neutrophils play a critical role in controlling infections in two ways, one is phagocytosis of the microorganisms and the other is releasing various kinds of mediators that draw other leukocytes into the injured tissue [31] . So it is vital to understand how these cells are recruited. MIP-2, also known as CXCL2 is one of the CXC chemokines. It serves as a potent chemotactic factor and affects neutrophil recruitment through the p38 MAPK-dependent signaling pathway [32] . CXCL1 and MIP-2 are important chemokines in neutrophil recruitment. We chose these two chemokines to investigate how Mincle influences the infiltration of neutrophils. Researches from Yamasaki et al [15] indicated that
Malassezia-induced production of cytokines such as TNF-α, MIP-2 and CXCL1 was badly impaired in Mincle-deficient macrophages in vitro. In our experiment, CXCL1 and MIP-2 mRNA was significantly promoted in 1d after infection when pretreated with Mincle agonist TDB compared with DMSO+AF control group and decreased when pretreated with MincleAb compared with IgG. Immunostaining of neutrophils in the cornea also indicated that when Mincle was activated, there would be more neutrophils gathering around the wound tissue to fight against the pathogens. Correspondingly, when Mincle was blocked with neutralizing antibody, the amount of neutrophils would be decreased significantly. At present, the studies about anti-fungal mechanism are mainly focused on the immuno-inflammatory response. However, the direct killing effect to fungi is of equal importance. NO is an unstable, short-lived and potential toxic radical. The sources of NO in ocular surface tissue primarily included corneal epithelium, fibroblasts, endothelium and inflammatory cells [33] . NO contributes to the acute immune response by two pathways, one is toxic effect against infectious organisms and the second is regulation of immune cell function [34] [35] .
Recent studies show that NO may act as a double edged sword depending on its concentration degree. According to Kim et al [36] , NO may induce tissue damage in ocular surface disease when the concentration ratio is 3-10 folds higher than normal functional NO level. However, if the concentration ratio of NO is 1.5-2.5 folds higher, it may play a defensive role in contrary.
Studies from Lee et al [37] showed that Mincle enhanced the translation of key enzyme required for NO synthesis via p38-dependent eIF5A hypusination. In our work, the NO concentration is approximately 2 folds higher in corneas treated with Mincle agonist TDB before infection compared with normal state. And the NO concentration is lower than 1.5 folds in DMSO control group. From these data we can infer that Mincle plays a defective role in the early stage of mice FK by regulating the NO production to a proper degree. In summary, our data provide evidence that Mincle was expressed in C57BL/6 mice corneas, and it increased after stimulation of A. fumigatus in vivo experiments. In addition, we confirmed that expression of IL-1β, TNF-α, IL-6, CXCL1 and MIP-2 as well as NO concentration in infected corneas were all positively associated with Mincle expression, and the degree of neutrophil aggregation also have a positive correlation with Mincle. These data suggest that Mincle plays an important role by regulating the immuno-inflammatory response during FK.
Further research of the regulatory mechanisms of Mincle in FK may be helpful to explore the subtle strategies of eye barrier to prevent cornea inflammation. 
